TERMS & DEFINITIONS
Array: A group of panels th
complete DC PV generating

Azimuth Angle: the angle
north of the direction that th
Due south = 180°.

BOS: Balance of System—
components other than the
inverters and batteries.

Cell: The basic photovoltai
the building block of PV mo

Concentrators: Parabolic
concentrate the solar energ
increasing the conversion e
“tracking” devices to follow fl
through the day.

Conversion Efficiency: Th
power to input power (e.g. i

Encapulstation: The meth:
are protected from the envir
laminated between a glass
substrate.

Inverter: Converts DC pow:
AC power for on-site use or

I or Inp: Current at peak pe
panel (see curve in next col

lsc: Short circuit current poin
intersection with the Y-axis
curve in next column).

Insolation: Radiant solar e
area (kWh/(m*-day))

Irradiance: Radiant power
sun (Watts/m?)

kW: kilowatt. Unit of turbine
kWh: kilowatt-hour. Unit of

Magnetic Declination: Difft
from magnetic north and tru
needed to estimated energy
arrays.

MW: megawatt. Unit of turbi
MWh: Megawatt-hour. Unit

Module: A group of PV cell
and/or parallel, encapsulate
environmentally protective |

Module Junction Box: An
block on the back of PV mo:
the module to be connected
system.

for battery systems. Array
higher than battery voltage.

Orientation: Position of P!
to true south. Differs by sta

Panel: A group of modules
block of a PV array.

TERMS & DEFINITIONS (
Panel Temperature Coeffi
% adjustment specified by
upon difference between ST
average temperature.

Power Parrallel Connecte
connection in which positive
connected together and neg
connected together. Curren
voltage remains the same.

Peak Irradiance: Standard
condition (1000 W/m?)

Parrallel Connected: A me
which positive terminals are
and negative terminals are
Current output adds and vol
same.

Peak Irradiance: Standard
condition (1000 W/m?)

Peak Sun Hours: 9am — 3p

PV Panel Peak Power: Opti
point of panel (see curve in

Standard Test Conditions
reference environment for P
environment of 1000 W/m?ir
mass, and cell temperature

Tilt Angle: The tilt angle is t
horizontal of the inclination
horizontal, 90° = vertical).

Voc: Open current voltage pi
intersection with the X-axis
curve below).

Vpor Vimp: Voltage at peak p
panel (see curve below).
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References/Tools

AVINRE
Performance calculator for grid-ct
systems.

http://rredc.nrel.gov/solar/codes
Slversionl/

MAGNETIC DECLINATION

http://www.ngdc.noaa.gov/geom
nation.jsp

INVERTER EFFICIENCIES

http://www.gosolarcalifornia.ca.g
nverter.php for specific model/m:
inverter efficiencies.

SOLAR RADIATION

Solar radiation data for PV flat al
concentrating collectors compile
organized by state.

http://rredc.nrel.gov/solar/pubs/r

CERTIFIEDSOLAR PANELS

Refer to the Florida Solar Energ
website for a list of certified pane
http://www.fsec.ucf.edu/en/indus
odules/pv_flashtest list.htm

Minimum wire sizing calculator

http://www.elec-
toolbox.com/calculators/voltdrop.




Calculations & Rules of Thumb for System Design

ENERGY PRODUCTION VARIABLES
Solar Resource—Usable solar radiation = a
table X 96%. Approximately 4% of annual sol
irradiance conditions. (ex: 100 Watt DC panel

Soiling—Three basic categories:
1. Washed as often as necessary = 100% ¢
2. Washed once per year = 96% efficiency
3. Never washed = 93% efficiency (7% loss

Temperature (efficiency)—Estimate off of |
variable temperature.

Module Rating—Manufacturers typically hav
Don’t approve panels with a tolerance range
module = 0.89 X 0.95 = 0.85 watts DC net)

Concentrators: Conversion efficiencies (33-
silicon solar panels at (15-20%). Check man
energy calculations.

Wiring Losses & Module Mismatch: Rough
performance.

Battery-Based Systems: 10% loss due to ne
maintain float voltage. DO NOT MIX BATTEF

Inverter Efficiency: Approximately 85% for b
batteryless systems.

Orientation Factor: Combined affects of PV
performance for fixed or tracking arrays.

Shading: Use of a suncharting tool is critical
system performance. Both manual and so
See Reference section for suncharting tool i

Shading Effects on Module Qutput

ASE Module Shading Tests
Shading Along Medule Herizones| Disnension (With)

Currest (4]

Example of System Derating:

Derate Factors for AC Po

}Component Derate Factors |PVW A

}PV module nameplate DC rating I

1 Inverter and Transformer

}Mismatch

}Diodes and connections

}DC wiring

}AC wiring

}System availabilty

‘Shading

}Sun-tracking

1Age

}Overall DC-to-AC derate factor

|
I
|
|
|
}Soiling |
|
|
I
|
|

The overall DC to AC derate factor is calculat
derate factors. For the PVWATTS default val

Overall DC to AC derate factor = 0.95 x 0.92
x 0.98 x 1.00 x 1.00 x 1.00 =0.77 = 77%

Performance Calculation: Annual Energy =
X 365 days/yr X 0.77

RULES OF THUMB

Checking System Power—Do analys
separately, using worst case shading,
output analysis.

Roof Structural Loading—Dead loac
= 3-8 psf

Materials Selection:
e Don't use dissimilar materials
e Use only sunlight resistant materials
e Structural materials:
o Corrosion resistant aluminum 60
o Hot dip galvanized steel per AS
o Stainless steel

Waterproofing—Require builder/roof
mounted systems to prevent leaking a

Common PV System Electrical Des
« Insufficient conductor ampacity and
e Excessive voltage drop
e Unsafe wiring methods
e Lack of or improper placement of ovi

disconnect devices.
e Use of unlisted, or improper applicat

in dc use).
e Lack of or improper equipment or s
» Unsafe installation and use of batter

VOLTAGE GUIDELINES
12V—up to 100 W array, 1-2 panels i
24V—100W to 300W array, parallel st
48V—Greater than 200W, parallel stri

APPLICABLE ELECTRICAL CODE
NEC—Article 690
|IEEE—Standard 929
UL—1741

SIMPLIFIED BATTERY PV SYSTE
- G vt (phe ool i mao

iy

Other

CRITICAL FACTORS
Verification of shading and energy calculatio

ENVIRONMENTAL ISSUES
No adverse environmental issues.

MARKET STATUS
Commercially available panels and BOS. Ne!
continually in development to improve energ



Calculations/Engineering Review

[BRSIEIIBESIGN Review CaLcuLaTions

AC Breaker Panel  Power to House

Bi-Directional
Meter

Photovoltaic Array

AC Current
—_—

I DC Current I:‘ I

DC Disconnect

Inverter

Example String-Sizing
Calculations

Location & Climsate
Loaston: Coraallie, OR
Remrd low: -22%C [-T°F)
Avamgelow: 170 AFF)

Avaragehigh: 26°C [B2F)
Record high: 42°C [108°F]

Fhotowvoltaics
Modula: Solarsvond 176 W
Wi 4 W
Vmip: 358 ¥
Temipensture sosfMolant: -0.23%°C
Mlount typse: Panalluk-bo-root mount
4 Ir Trom rood surfaos o beck of modul &)

Equiprmere
Inwartsr: P Possared E200
Madrrium Voa: E00 WOO
MM Vinp: 240 VOO

Calculations
Step 1. Caloulats the adusiad volage Tor ke
‘temparaaras.

Vad] = 4.4V {1 + [-22°C - 2570 X -033% Ol
Vad] =EL3V

Cutarming tha masimurm numiber of thiesa moduks n
serles for thls Invertar &t this loostion:
Mol mium nurnbar per sting:

Component’s max. Woo + Wad| for low temperatures

B0 WD + 61.3 W = 3.7 modules

Feound dossn to thia nest whols numbar—n thils cass,
nina mdules B the maximuam numiber in series.

Step 2. Caloulshs the acjustad wohaga Tor high
‘temparaturas

Vad] =358 x{1 + [I2B"C + 36°C — 26"C] x 035%™ C]}

[Meta thi sddilora] e mpsraiure—38"C—dus to tha
recking method )

Vad] =313V

Cartarming the mirdmum rambar of thess modules In
ariees for this Imveriar atthis lcoatkon:

MAInimum numbss par siring:
Component’s min ¥mp + Vad] for high tempsreaiures

HONDC + A1.E VT T

Fiaund up te the nadt whalke numbar—n this mass,
aight medules lstha minimum numiber In sarkes.

Comparing the ss cal culat ore to thoss for other s quipmsnt
wil determing W wou may be betiar off wih o difarent
combination of souipment. Tha minmumvalue cal culabed
should shways b carshully onskdered and B raroly the
bt cholea. Inthis swampla, W sirings of elght modules
are usad, the resuliing ¥mp on an everags dey will only
b 2E0. 4—precaroushy closs bo the kow velus (240 VD) of
this Eampls Imeeriars operating wirdow.

Schematic Diagram : Solar Electric System
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Costs/Financials
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SYSTEM COST RANGE
Flat Plate collector systems-- Panels
$6-12/Watt

LIFE CYCLE
20-30 years

cost) + (Annual O&M X Equip Life)
eneration) X (Utility Rate $/kwWh)




